and distribution of ocular biometry in young adults (ie aged between 20 and 40 years) has not been a major research or public health priority and therefore remains generally undefined. 1 There is a need for precise, up-to-date data on this age-group to help guide evidence-based practice and public health resource allocation. Although 82% of the world's blind are aged 50 and older, younger age groups affected by blindness and visual impairment should be a high priority due to the potential burden of many years ahead living with reduced vision. 2 Identification of the prevalence and population attributable risk of diseases is critical to support policy decisions which will provide better health services to those in greatest need. However, it is also of importance to understand the underlying risk factors and their associations to prevent disease manifestation and progression thereby reducing their societal impact. Birth cohort studies are valuable for understanding such exposure-disease relationships in a defined population. For example, using a life course epidemiological approach, the 1958 British Birth Cohort Study has found that myopia in later life is influenced by prenatal and early life biological, social and lifestyle influences. 3 Additional advantages of cohort studies include: 1) the estimation of distribution, prevalence and incidence of disease in the reference population; 2) the identification of risk factor trends over time; and 3) the evaluation of relationships among the available variables through both hypothesis generating and testing approaches. 4 When a combination of genetic and phenotypic information is available in a birth cohort study, it may then be possible to determine whether genetic susceptibility to disease can be offset or exacerbated by particular life-course and socioeconomic trajectories. 
Delivery and Development of the Western Australian Pregnancy Cohort (Raine) Study
The age 21-year review of the Western Australian Pregnancy Cohort (Raine) Study investigated ophthalmic health and established the Raine Eye Health Study (REHS). The Raine Study is one of the largest ongoing prospective cohort studies of pregnancy, childhood, adolescence and young adulthood.
From 1989 to 1991, 2,900 pregnant women were recruited at 16-18 weeks' gestation into a study at King Edward Memorial Hospital, Perth, Western Australia (KEMH). The original study was a randomized clinical trial investigating whether the use of intensive ultrasound and Doppler studies alter pregnancy outcome in terms of days of neonatal stay and the rate of preterm birth. 5 An obstetrician at KEMH led the trial as a hospital-based research project. Subsequently, a specific research group was founded to incorporate the newborns of the recruited families into a cohort study. The aim of this cohort study was to determine how events during pregnancy and childhood influence health in later life. The The Raine Study has proved a valuable scientific resource with some of the major findings to-date including that: i) infants who are breastfed longer than six months tend to have better mental health at six and eight years of age 8 ; ii) a high quality breakfast which include foods from three different healthy food groups is associated with better mental health in teenagers 9 ; and iii) children whose mothers were stressed or socially disadvantaged during pregnancy generally have a higher risk of developing behavioural and emotional problems. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y   6 Raine participants underwent a comprehensive ocular examination for the first time at the 21-year follow-up. Major objectives of this eye health study were: 1) to determine the prevalence of ocular conditions such as refractive error, strabismus, amblyopia, pterygium and keratoconus in young adults;
2) to document the population distribution of disease-related endophenotypes (ie central corneal thickness, axial length) in young adults; 3) to determine genetic and environmental factors that influence ocular biometry and predispose to ocular diseases; 4) to establish an ocular baseline data for a population cohort that can be followed through later adult life; 5) to understand the association between early life factors (including maternal factors, pre-conceptual/perinatal factors, social, biological and lifestyle factors) and eye disorders and traits. This paper presents the REHS study methodology including its recruitment process and examination procedures. It also describes the baseline prevalence of ophthalmic disease in a young adult population.
STUDY DESIGN AND METHODOLOGY

Ethics Approval
The 21-year review of the Raine Study cohort obtained ethics approval from the Human Research Ethics
Committee at the University of Western Australia. The REHS was conducted in accordance with the Declaration of Helsinki and informed consent was obtained from all participants. Previous ethics approvals for other aspects of data collection were completed for each of the earlier examinations.
Recruitment of Participants
More than 3000 pregnant women attending the public antenatal clinic at King Edward Memorial Hospital (KEMH), or nearby private practices between May 1989 and November 1991 were invited to sets of triplets were born. Of the 2834 singletons, 1415 were randomized to an intensive ultrasound group and 1419 were randomized to a regular ultrasound group. 2804 mothers remained in the study with 2868 newborns recruited for the cohort follow-up. 2135 participants were 'active' (i.e. previously gave permission to be contacted for review) at the 21-year follow-up.
Enrolment for Ophthalmic Examination
All active members of the original birth cohort were invited to attend at 21 years of age. There were no inclusion or exclusion criteria. Booking and assessment procedures are summarized in Figure 1 . For each study day, the Raine Study administrative staff contacted participants by phone and invited participants to attend the follow up assessment. Prior to the appointment, each participant was mailed a detailed information sheet and follow-up questionnaires to complete, which could also be completed with assistance on the appointment day. In addition, directions, a map, contact telephone numbers, information on public transport and parking were provided. All participants received a reminder call two days prior to their appointment and a reminder text message on the day. All information on attending participants was verified for accuracy against the restricted access central Raine Study Database by the study co-ordinators. While eye research was the focus of the 21-year follow-up, data was also collected from the cohort on core longitudinal variables including anthropomorphic measurements, socioeconomic and demographic data. There was ongoing follow-up of nutritional intake 11, 12 , exercise habits 13, 14 and cardiovascular disease 15, 16 . The cohort also underwent a Dual Energy X-ray performed the eye examinations and physical assessments. A study manual, which included detailed information on the ocular examinations, was provided to all examiners to aid data collection and standardize the examination protocol and recordings. Certified orthoptists conducted the extraocular motility assessment.
Ocular examination
All the examination equipment was available at the research site. The eye examination protocol (Table   1 ) was arranged into 12 stations. A detailed explanation of each station can be found in the appendix.
The participants rotated through the examination stations accompanied by a research assistant.
Participants followed the order from station 1 to 12. If there was a delay at any station, the participant completed a different station with consideration of the requirement for cycloplegia.
Definitions utilised in prevalence of ophthalmic diseases
Colour photographs of the nasal and temporal conjunctiva in both eyes were assessed for the presence or absence of pterygium. Pterygium was defined as a fibrovascular conjunctival lesion with characteristic appearance extending to or across the limbus. Patients with myopia were defined as having a mean 
Questionnaires
Each participant completed a follow-up and a medical questionnaire, which included detailed information on sociodemographic data, ocular history, family history of ocular disease, general medical history and environmental risk factors with a focus on UV exposure. In addition, participants completed a extensive food frequency questionnaire that had been validated previously.
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DNA Sampling
DNA samples from previous assessments and consents for GWAS studies were available for most participants. If a DNA sample was not previously available, participant consent was sought to obtain DNA from blood or saliva sample. As part of the 21-year cohort review, the participants were asked to provide a fasting blood sample, which was collected on a separate day by the Raine Study phlebotomist at the participants' house. Appointments for blood sampling were made at the eye examination appointment to introduce participants to the phlebotomist and reduce the psychological stress of blood sampling. A 43 millilitre sample was drawn from the cubital fossa vein and delivered to the Royal Perth 
Data Entry and Statistical Analysis
The eye examination and physical assessment data were entered into a password-protected database created in Microsoft File Maker Pro (Version7). All data entry was checked by a second person and validation checks performed by the Raine Study Data Manager. Raine Study research assistants coded, scanned and verified questionnaires. Where available, crude eye examination data from the instruments were exported into the database.
All phenotype data were stored on secure servers at the Telethon Institute for Child Health Research (TICHR). All genotype data were stored on the iVEC supercomputer supported by the Western Australian Government and the Australian Federal Government. We will conduct univariate and multivariate genetic analysis utilizing our own software package SimHap and the PLINK package. Power calculations for genetic analysis were performed using QUANTO. 20 For all calculations an additive model with 2 degrees of freedom was used and the marker allele was assumed to be in high linkage disequilibrium with the cause variant (r2 = 1). Given our population-based design, we will have greater power to detect quantitative trait loci of modest effect size (Fig. 3) .
RESULTS
From the original cohort of 2868 live births, 37 (1.3%) participants were deceased, 182 (6.3%) were lost to follow-up and 514 (17.9%) participants had withdrawn from the study by the time of the 21 year Of the 1344 participants, 690 (51.3%) were males and 654 (48.7%) were females. Ethnic composition of participants is shown in Table 2 . 1214 (90.3%) had a Caucasian mother and 1210 (90.0%) a Caucasian father. For 1149 (85.5%) participants, both parents were Caucasian.
In terms of occupation 37.1% of participants were full-time students and 5.7% were part-time students.
21.9% were in full-time employment and 26.3% were working part-time. 21 .9% studied and worked at the same time. 63.5% of participants had completed the final year of high school or its equivalent. Prevalence of ophthalmic disease in the cohort is shown in Table 3 . The most common ophthalmic condition was myopia. A total of 5.5 % participants had spherical equivalent of less than or equal to -3 diopters. No participant had been diagnosed with retinopathy of prematurity, retinal dystrophy or glaucoma.
DISCUSSION
The Raine Study cohort is unique in allowing prospectively collected antenatal, childhood and adolescent data to be correlated with outcomes of an ophthalmic examination. Detailed phenotypic data have been collected prospectively over the last 20 years, resulting in a database of over 16000 variables being available on each member of the cohort. This provides the possibility to study multiple exposures and multiple outcomes at many life stages, allowing identification of potential associations and risk factors in ocular disease process. Identification of these associations and risk factors may help to improve clinical practice and possible prevention of ocular disease.
We acknowledge that the limits of conventional epidemiology include being unable to confirm or refute causality, reverse causality, residual confounding and ensuring appropriateness of adjustment for confounders / mediators. However, it is possible to construct a 'causal' model that incorporates the interaction of many different risk factors at multiple life stages. 3 Moreover, we will investigate genetic risk factors, which may show a causal association (eg Mendelian Randomization). Over 23 years of existence, the Raine Study has maintained high participation rates with minimal attrition, allowing establishment of more accurate prevalence rates. Further possible disadvantages of this prospective The REHS provides extensive data on ocular biometry and disease from a young adult, predominantly
Caucasian population. Strengths of this follow-up include its large sample size, prospective information on neonatal and early life exposure and a standardized clinical assessment.
Characteristics of the original cohort published earlier 21 were maintained in the REHS. The REHS had a slightly greater male than female participation rate. This is reflective of state population characteristics, where according to 2010 population estimates, 50.7% of the Western Australian residents were males.
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The study sample is primarily Caucasian. This genetic homogeneity will be advantageous in analysis of quantitative trait loci through GWAS. Some may argue that finding variants in such a population will have limited application to the ethnically diverse Australian population. While this may be one limitation of the study, it should be remembered that ethnic differences in the prevalence and severity of disease and the responses to treatment are still part of the unsolved equation of genetic and environmental factors predisposing to ocular disease. Focusing on a particular population will allow us to obtain more specific results, which could be compared with outcomes from other populations.
With the development of new technologies, clinicians are more reliant on highly specialized equipment to make diagnostic decisions. Many clinicians now use these technologies as a part of their routine used in large population studies. The unique set of results obtained from using this technology will construct baseline data for identification and tracking of disease.
Strategies for High Retention rates:
Maintenance of sample size in longitudinal prospective studies is critical to maximize statistical power and reduce bias. The Raine Study has sustained high retention rates although the number of active participants has reduced over the years. Participants move away from the metropolitan area, and go interstate or overseas. There is the loss of contact details through change of address, change of name and loss of contact details of relatives. Some participants withdraw from the study. The Raine Study tries through various methods to establish a feeling of ownership and belonging amongst participants, and reduce cohort attrition. Raine Study staff are highly trained, regular newsletters are sent out and participants are involved in study planning.
Participation by active members of the cohort (those not lost to follow up, deceased or withdrawn) in the REHS was high (81.6%). At age 20 participants had a variety of work, study and family commitments, and other issues such as examination periods and school holidays had to be accommodated. The cohort assessment was planned at times that were adaptable to the needs of the cohort, which included weekends, public holidays and weekdays. Childcare was available for participants with infants and young children. A motivating factor for participation could have been the access to a comprehensive eye-health examination and the immediate discussion of the individual results with an Ophthalmologist. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
The REHS 12-Station Protocol
All the examiners were instructed to print out a copy of the results where possible, complete the LEI examination recording form and insert their initials for each station.
Station 1
Pre-cycloplegic Autorefraction: Pre-cyclopegic autorefraction and keratometry were performed with Nidek ARK-510A (NIDEK Co.Ltd, Japan). Participants were instructed to relax their eyes and look at the internal image through the eyepiece and try not to bring it into focus. The measured prescription and keratometry results in diopters were recorded in the examination form. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Contrast Sensitivity: The traditional method of measuring contrast sensitivity is sine wave grating. It was shown that the low-contrast letter charts could provide valuable information in clinical settings. We test contrast sensitivity by using a low-contrast letter chart (Test Chart Xpert, Thomson Software Solutions, UK). The viewing distance was set to six meters. Participants were tested monocularly and with glasses if worn. Participants were asked to read letters displayed in triplets of decreasing contrast from top to the bottom until they could no longer read two of the three letters.
The contrast of the last row read was recorded in units of logarithm of the minimum angle of resolution.
Vernier Acuity: We determined the minimum angular separation required to detect that two lines placed end to end were not co-linear using the Test Chart Xpert 2000.
The participants tested monocularly with glasses, if worn. They were instructed to inform the examiner as soon as they see the straight line splitting into two on the screen. The test was repeated three times for each eye. Mean of the three measurements were recorded in arc seconds. Ocular Motility: Eye movements were examined in nine-positions of gaze with a pen torch. The participants were instructed to hold their head stationary and follow the light with their eyes. Abnormal motility was scored on +4 (gross overaction) to -4
Station 3: Binocular Vision Function
(gross underaction) with increments of 0.5. Bielshowsky head tilt test was performed when a palsy of superior oblique muscle was suspected.
Four Diopter Base Out Prism Test:
This test is used to detect a micro-strabismus and associated central suppression scotoma if present. Participants were instructed to fix on a small fixation target at near (1/3m). A four-diopter base out prism was placed in front of one eye and a fixation movement to confirm fusion of images was observed. In the event of no movement was observed to overcome prism and restore binocular single vision, the test outcome recorded as a negative that was presence of a central suppression. The test repeated on the other eye. If no movement was observed when prism was placed in front of either eye, the response was recorded as equivocal.
Nystagmus: Any nystagmus observed was recorded with its direction and subtype.
Stereoacuity: Lang II test was completed to assess gross stereopsis or depth perception. The identified images were recorded with corresponding arc seconds.
Then the Titmus circle test was completed to assess a finer grade of stereoacuity.
Number of correctly identified circles were recorded. Participants were instructed to extend their arms straight in the air and create a triangle with their hands, then frame some letters from the letter chart through that triangle. The examiner covered one eye at a time and instructed participant to report when the letters were no longer in his/her view. The eye framing the letters upon covering of the contralateral eye was recorded as the dominant eye. Also, the participants were questioned on their chirality (handnessness).
Station 4: Eye Photography
Eyelid Position: To determine the symmetry between the eyes and also the parts of around the eyes including eyelids, a photo covering the area from temple to temple was taken with a standard pocket camera (Nikon Coolpix E995, Tokyo, Japan). All images were saved in RGB format at the D100 settings of JPEG Fine (1:4 Corp., Nagoya, Japan) was used to complete endothelial cell count analysis on each participant. Unclear screen shots were repeated.
Station 9:
Fundus Photography: Three sets of retinal photographs were taken for each eye using Canon CF-60DSI Digital Fundus Camera (USA). The lens angle was set to 60 degrees and the illumination dial was turned to level 2. First, the participants were instructed to stare directly ahead into the camera and a macula-centered photo was taken. Then the participants were instructed to look at the fixation light attached to the top of the headrest and the disc-centered photo was taken. Finally, the photo setting on the computer screen was changed from "colour" to "red-free", red free filter of the camera was removed and the illumination was increased level 3 to take the disccentered red-free photo. If the quality of the images were unclear or there was an artifact ie eyelashes, the photographs were retaken.
Stereo-disc Photography: Optic Disc Photography 3-Dx Fundus Camera (Nidek Co, Japan) was used in this study to examine the anatomy of the optic disc in threedimension. Participants were appropriately positioned in front of the camera and instructed to look at the internal or external fixation lights during photography shot.
The quality of the image was assessed. When it was unclear, poorly illuminated or the discs were in different colours, the photograph was retaken.
Station 10:
Optical coherence tomography: Images were captured using a Spectralis HRA+OCT (Heidelberg Engineering, Heidelberg, Germany). Volume scans were 
Station 11
Post-cycloplegic autorefraction: Autorefraction and keratometry results were repeated after adequate pupillary dilation. Heidelberg Retina Tomography: Glaucoma is more common in individuals aged over 40, however it could occurs at any age. Confocal scanning laser ophthalmoscope is used in analysis of glaucoma manifestation and progression. A baseline glaucoma analysis was done on each participant using the Heidelberg Retina Tomography (Heidelberg Engineering, Heidelberg, Germany). Participant was appropriately positioned in front of the camera and instructed to stare at the flashing light. The position of the camera was adjusted to illuminate and sharpen the image of the optic disc. Poor images were repeated. Each scan was reviewed at the end and the mean standard deviation of less than 20 µm was maintained for quality check.
Participant Eye Report (Feedback)
At the end of the examination session, each participant was given a detailed debriefing on the results of the completed examinations, provided with a summary of his/her current ocular health status and given the opportunity to ask questions. Any newly diagnosed pathology was discussed with the participants and any individuals requiring an ophthalmological intervention were referred to the clinical experts in sub-specialties. A feedback report outlining the participant's ocular status as well as a copy of macular-centred retinal photos were provided to all participants. Later, an analysis of the preliminary signs of UV damage and a copy of the conjunctival UV auto-fluorescence photos were mailed to each participant. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
